Abstract. Protoplast cultures were prepared from 6-day-old hypocotyls of six spring, seven winter cultivars of Brassica napus L. and one line of Brassica campeslris L. The molarity of enzyme solution was raised to 0,714 M mannitol resulting in well manipulable, cytoplasm dense protoplasts. In the protoplast purification procedure densitygradient centrifugation was used to minimize physical damage of protoplasts.
Introduction
Since several of the most widespread methods of introducing foreign genes into plant cells rely on protoplasts, the establishment of a reproducible protoplast-plant system is of a crucial importance in any plant species of biotechnological interest.
The first successful! protoplast isolation and plant regeneration experiments have been performed by Wenzel (1973) . The Brassica species vary considerably in their ability to 371 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND regenerate plant from protoplast. While the Brassica napus and the Brassica oleracea (Sidney et al. 1983 , Robertson et al. 1984 generally give good results in protoplast regeneration experiments (Kartha et al. 1974 , Li et al. 1982 , Glimelius 1984) , in case of turnip rape (B. campestris, B. rapa) the plant regeneration from protoplast derived calli remained a sporadic event (Glimelius 1984 , Ulrich et al. 1980 .
The aim of the present study was to develop a largely genotype independent, efficient plant regeneration procedure for B. napus L. and B. campestris L. with agronomical importance.
Material and methods
To extend the protoplast-plant system to different genotypes of agronomic importance various spring and winter type varieties were included in the study. (Table   2 ). The data were calculated from 2 or 3 independent experiments. For protoplast isolation, the seeds were surface sterilized with 75 % alcohol for I -2 1 -2 minutes, then immersed in 2 % NaO'Cl with some drops of Tween 80 and continually shaken for 20 minutes followed by a thorough wash in autoclaved sterile distilled water. Sterilized seeds were germinated on a hormonfree MS medium (Murashige and Skoog 1962) for 5-6 days in darkness at 28°C.
The 5-6 cm long hypocotyls were cut into small pieces of about 1.0 mm and treated for 17-18 hours (generally overnight) with 1 % Cellulase R-10 and Macerozyme R-10 enzymes dissolved in K 3 (Nagy and Maliga 1976) medium. The osmotic pressure of the enzyme mixture was raised to 0.714 M using mannitol as osmotic stabilizer. This treatment resulted in a great number of comparatively small protoplasts with dense cytoplasm. (3 % sucrose). The cell aggregates were ready to plate from the beginning of the third week. The liquid cultures were plated on agar solidified regeneration medium and the agarose blocks were floated in liquid medium before plating. The hormones were decreased to quater strength in the nutrient and floating medium as described by Vamling and Glimelius (1990) .
The plant regeneration was carried out on K 3 medium supplemented with 0.5 mg/1 BAP, 0,5 mg/1 Zeatin and 0,1 mg/1 lAA (Nagy and Maliga 1976, Vamling and Glimelius 1990) .
To increase the efficiency of plant regeneration 5 mg/1 AgNG 3 was added to the regeneration medium. Regenerants were grown up with space isolation in different greenhouse chambers.
Results
In each variety the protoplasts ( The culture methods applied resulted in difference in initiation of cell division at 24-hour age (Table 1) . Protoplasts cultured in liq- Id) were observed from the third day of subculturing.
Among the varieties, Varma was the most responsive in the efficiency of cell division at the end of the 4th day of culture, but in commencement of microcolony development there was no substantial difference between culture methods regarding the percentage of developed colonies.
Observing of cell division after 96 hours of culturing was easier in agarose embedded cultures because the well-spread cells, protoplastderived colonies in agarose were in fixed positions while in liquid medium the cells were aggregated spontaneously and it was difficult to distinguish between division-derived microcolonies and spontaneous cell groups.
After about ten days in cultures small calli or micro colonies (Fig. le) Glimelius 1984) , was detrimental to the subsequent culture work, inhibiting or completely stopping the growth. This harmful phenomenon was not observed in agarose solidified cultures ( Fig. If) indicating more favourable outcome when using agarose-embedding in Brassica protoplast culture.
Except for one variety Ujfertddi -, every variety in both Brassica napus and campestris formed a higher number of calli for plant regeneration experiments (Table 2) . At the end of 2 nd and 3rd week, the number of formed microcalli varied, depending on individual cultures and genotypes, but no essential differences were found between cultivars.
In most cases white calli with green or greenish morphogene structures (Fig. 2, indi- cated by arrows) were obtained on the regeneration medium but the efficiency of plant regeneration remained low (Table 3) . Initially, only in ten of fourteen Brassica genotypes plant regeneration was successful. The regenerants ( Fig. 3) were obtained from green organogenetic centres on the surface of white calli, and generally one or two shoots were obtained from one callus (Fig. 3) . Consequently, to test its effect on regeneration, AgNQ 3 was added to the regeneration medium. In the presence of 5 mg/I AgN0 3 the regeneration efficiency was substantially increased including multiple shoots (Fig. 4 and 5) in the positive cases. Out of the fourteen Brassica genotypes studied, thirteen gave plantlets with varying numbers of regenerants (Table 3) . This modified regeneration procedure re- known to respond poorly to in vitro manipulation.
The regenerated plantlets were transferred to K 3 medium without AgN0 3 which allowed the plantlets to develop rapidly.
Discussion
The molarity of enzyme solution was raised from 0,4 M sucrose suggested by Glimelius (1984) and Vamling and Glimelius (1990) Shillito et al. (1983) has proven to be a successful method in Brassica also. Our results confirmed the applicability of the embedded protoplast culture technique (directly or on the 2nd day of subculturing) which produced the same division results as the liquid culture method (basic culture method) published for Brassica protoplast culture (Bidney et al. 1983 , Glimelius 1984 , Jourdan et al. 1989 , Loudon et al. 1989 ). This technique has been already used for 2-3-week old colony embedding by Vamling and Glimelius (1990) widely reported to be a feature of Brassica protoplast culture (Xu et al. 1982 , Glimelius 1984 , Loudon et al. 1989 (1990) that AgNQ 3 has the most favourable effect on plant regeneration when applied at a later stage of callus development (when morphogene zones had already been formed) rather than right from the beginning of callus induction.
